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$QLPDOV WKDW OLYH LQ FORVH VRFLDO JURXSV FDQ DFFUXH
PDQ\ EHQHILWV RI VRFLDOLW\ VXFK DV LQFUHDVHG
GHIHQVH DJDLQVW SUHGDWRUV FRPSHWLWRUV DQG
LQFUHDVHG DELOLW\ WR ILQG IRRG +RZHYHU RQH NH\
FRVW DVVRFLDWHG ZLWK VRFLDOLW\ FDQ EH DQ LQFUHDVH LQ
WUDQVPLVVLRQ RI SDUDVLWHV DQG SDWKRJHQV
6FKPLG+HPSHO  %HFDXVH VRFLDO LQVHFWV
OLYH LQ GHQVHO\ SRSXODWHG FRORQLHV HQFRXQWHUV
EHWZHHQ LQGLYLGXDOV DUH IUHTXHQW DQG RIWHQ
LQFOXGH JURRPLQJ DQG WURSKROOD[LV 7KXV
WUDQVPLVVLRQ RI GLVHDVHV DPRQJ FRORQ\ PHPEHUV
PD\ EH KLJK FRPSDUHG WR QRQVRFLDO RUJDQLVPV
5RVHQJDXV DQG 7UDQLHOOR  6FKPLG+HPSHO

:RRGIHHGLQJ WHUPLWHV IRUDJH LQ GDPS ZRRG
RIWHQ WUDYHOLQJ WKURXJK PRLVW VRLOV DQG OHDI OLWWHU
WR UHDFK IRUDJLQJ VLWHV 7KH\ DUH OLNHO\ WR EH KLJKO\
H[SRVHG WR SDWKRJHQV GXULQJ IRUDJLQJ WULSV DQG
PD\ EULQJ WKHVH PLFURRUJDQLVPV EDFN WR WKH QHVW
5RVHQJDXV HW DO  )XQJL DUH HVSHFLDOO\
LPSRUWDQW SDWKRJHQV RI LQVHFWV DQG PDQ\ WKULYH
LQ WKH VDPH ZDUP PRLVW HQYLURQPHQWV DV
WHUPLWHV 7KXV GXH WR WKHLU HQYLURQPHQW WHUPLWHV
PD\ EH HVSHFLDOO\ H[SRVHG WR SDWKRJHQLF IXQJL
1RQSDWKRJHQLF IXQJL PD\ DOVR EH HFRORJLFDOO\
LPSRUWDQW WR ZRRGIHHGLQJ WHUPLWHV 7KHVH
WHUPLWHV HQFRXQWHU QXPHURXV QRQSDWKRJHQLF
IXQJDO GHJUDGHUV $OWKRXJK VRPH RI WKHVH IXQJL
PD\ ³FRQGLWLRQ´ ZRRG E\ GHJUDGLQJ FHOOXORVH
PDNLQJ LW PRUH SDODWDEOH IRU WHUPLWHV RWKHUV DUH
WR[LF WR DQGRU FRPSHWH ZLWK WHUPLWHV IRU IRRG
%DWUD DQG %DWUD  1RLURW DQG
1RLURW7LPRWKHH  6DQGV  )XQJDO
FRPSHWLWRUV DUH HVSHFLDOO\ LPSRUWDQW IRU WKH
KLJKHU WHUPLWHV %HFNHU DQG /HQ]  %DWUD DQG
%DWUD  7KXV WKH DELOLW\ WR VXSSUHVV
PLFURELDO JURZWK HVSHFLDOO\ RI IXQJDO SDWKRJHQV
DQG FRPSHWLWRUV FRXOG EH KLJKO\ EHQHILFLDO WR
WHUPLWHV
6RFLDO LQVHFWV XVH D YDULHW\ RI PHFKDQLVPV WR
LQKLELW JURZWK RI PLFUREHV )RU H[DPSOH DQWV XVH
EHKDYLRUDO PHFKDQLVPV VXFK DV LQFUHDVHG
DOORFDWLRQ WR PLGGHQV RXWVLGH RI WKH QHVW +DUW HW
DO  JODQGXODU VHFUHWLRQV HJ %HDWWLH HW DO
 0DFNLQWRVK HW DO  DQG FXOWXUHG
EDFWHULD &XUULH HW DO  /RZHU WHUPLWHV KDYH
DOVR EHHQ VKRZQ WR XWLOL]H D QXPEHU RI PHWKRGV WR
VXSSUHVV PLFURELDO JURZWK )RU H[DPSOH
5RVHQJDXV HW DO  IRXQG WKDW LQ Zootermopsis
angusticollis QHVWV WKH SUHVHQFH RI IXQJDO FRQLGLD
HOLFLWHG DQ DODUP EHKDYLRU 5RVHQJDXV HW DO
D IRXQGHYLGHQFHWKDW DOORJURRPLQJ LQ Z.
angusticollis GHFUHDVHG SDWKRJHQ VXVFHSWLELOLW\
DQG &KHQ HW DO  IRXQG WKDW Coptotermes
formosanus QHVWLQJ PDWHULDO FRPSRVHG SULPDULO\
RI IHFDO PDWHULDO DFWV DV D IXPLJDQW )HFDO
PDWHULDO 5RVHQJDXV HW DO E DQG VWHUQDO
JODQG VHFUHWLRQV 5RVHQJDXV HW DO  RI Z.
angusticollis, ZHUH IRXQG WR LQKLELW JURZWK RI
HQWRPRSKDJRXVIXQJLMetarhizium anisopliae
)HZHU VWXGLHV KDYH H[DPLQHG DQWLPLFURELDO
DFWLYLW\ RI KLJKHU WHUPLWHV DOWKRXJK WKHVH DQLPDOV
DFFRXQW IRU DSSUR[  RI LVRSWHUDQ VSHFLHV
.DPEKDPSDWL DQG (JJOHWRQ  5RVHQJDXV HW
DO  GHPRQVWUDWHG WKDW WHUSHQRLGV IRXQG LQ
WKH IURQWDO JODQGV RI VROGLHUV RI WKH KLJKHU WHUPLWH
JHQXV Nasutitermes LQKLELW WKH JHUPLQDWLRQ RI WKH
HQWRPRSKDJRXV IXQJXV Metarhizium anisopliae
7KH\ DVVHVVHG WKH HIIHFW RI WKH PDLQ FKHPLFDO
FRPSRQHQWV RI WKH JODQGV +RZHYHU ZRUNHUV RI
N. costalis DQG N. nigriceps WKDW ZHUH H[SRVHG WR
M. anisopliae GLG QRW DFFUXH D VXUYLYDO DGYDQWDJH
ZKHQ UHDUHG ZLWK VROGLHUV SUHVXPDEO\ EHFDXVH
WKH FRVW WR ZRUNHUV RI IHHGLQJ VROGLHUV YLD
WURSKROOD[LV RXWZHLJKHG WKH EHQHILW RI DQWLIXQJDO
VHFUHWLRQV RI VROGLHU QHVWPDWHV ,W ZDV QRW
GHWHUPLQHG ZKHWKHU IXQJLVWDWLF DFWLYLW\ LQKLELWHG
QRQSDWKRJHQLFIXQJL
+HUH WKH ILQGLQJV RI 5RVHQJDXV HW DO  DUH
H[WHQGHG XVLQJ WKH &DULEEHDQ WHUPLWH
Nasutitermes acajutlae 7KH DELOLW\ RI IUHVKO\
NLOOHG N. acajutlae WR LQKLELW IXQJDO JURZWK LV XVHG
WR GHWHUPLQH WKH IXQJLVWDWLF DFWLYLW\ RI WHUPLWHV LQ
WKH DEVHQFH RI VRFLDO LQWHUDFWLRQV 7ULDOV DUH GRQH
XVLQJ D ODUJH QXPEHU  RI FRORQLHV ,Q WKHVH
WULDOV WKH JURZWK RI QDWXUDOO\RFFXUULQJ IXQJXV LV
FRPSDUHG LQ WKH SUHVHQFH RI RQH GHDG ZRUNHU RU
RQH GHDG VROGLHU WR GHWHUPLQH ZKHWKHU IXQJXV LV
LQKLELWHG E\ VROGLHUV +RZHYHU N. acajutlae
ZRUNHUV DUH DSSUR[  WLPHV ODUJHU WKDQ VROGLHUV
XQSXEO GDWD $GGLWLRQDOO\ ZRUNHUV PD\
HQFRXQWHU ERWK SDWKRJHQLF DQG QRQSDWKRJHQLF
IXQJL PRUH IUHTXHQWO\ WKDQ VROGLHUV EHFDXVH WKH\
LQJHVW ZRRG GLUHFWO\ 7KHUHIRUH WKH SUHVHQFH RI
IXQJDO FRQLGLD ERWK RQ WKH FXWLFOH DQG LQWHUQDOO\
PD\ EH D IXQFWLRQ RI ERG\ VL]H DQG H[SRVXUH
UDWKHU WKDQ LQKLELWLRQ E\ VROGLHU IURQWDO JODQGV
7KHVH SRVVLELOLWLHV ZHUH WHVWHG E\ H[DPLQLQJ
IXQJDO JURZWK LQ WKH SUHVHQFH RI D YDULHW\ RI
FRPELQDWLRQV RI ZRUNHUV DQG VROGLHUV +\SRWKHVLV
 ELRPDVVH[SRVXUH SUHGLFWV WKDW IXQJDO JURZWK
LQFUHDVHV ZLWK WRWDO WHUPLWH ELRPDVV DQGRU
ZRUNHU QXPEHU +\SRWKHVLV  SUHGLFWV WKDW
JURZWK GHFUHDVHV ZLWK WKH SUHVHQFH RI VROGLHUV
ZKHWKHURUQRWZRUNHUVDUHDOVRSUHVHQW )XUWKHU
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9RO_$UWLFOH IXQJDO JURZWK VKRXOG LQFUHDVH ZLWK ZRUNHU
QXPEHU LQ WKH DEVHQFH RI VROGLHUV EHFDXVH
ZRUNHUV GR QRW KDYH WHUSHQRLGV )LQDOO\ VLQFH
5RVHQJDXV HW DO  VKRZHG DQ LQFUHDVH LQ
DQWLPLFURELDO DFWLYLW\ ZLWK LQFUHDVLQJ ƠSLQHQH
DQG OLPRQHQH FRQFHQWUDWLRQ WKH HIIHFW RI WKH
QXPEHU RI VROGLHUV RQ DQWLIXQJDO SURSHUWLHV ZDV
H[DPLQHG
Methods
Comparison of fungal growth in the
presence of 1 soldier vs 1 worker
7HUPLWHV ZHUH FROOHFWHG IURP  FRORQLHV RQ WKH
LVODQG RI 6W -RKQ 9LUJLQ ,VODQGV EHWZHHQ 
-XQH DQG  -XO\  7HUPLWHV ZHUH FROOHFWHG
IURP IRUDJLQJ WUDLOV ZLWKLQ  P RI QHVW FDUWRQV E\
EUHDNLQJ RSHQ WUDLOV DQG JHQWO\ EUXVKLQJ DQLPDOV
DQG WUDLO PDWHULDO LQWR D SODVWLF FRQWDLQHU
7HUPLWHV ZHUH WUDQVSRUWHG WR WKH ODERUDWRU\ DQG
VRUWHG E\ FRORQ\ (QWRPRSDWKRJHQLF IXQJL DUH
RIWHQ RXWFRPSHWHG E\ QRQSDWKRJHQLF IXQJL LQ
FXOWXUH 5 +XPEHU 86'$ $56() SHUV FRPP
WKXV DOO DQLPDOV ZHUH VXUIDFH VWHULOL]HG WR LQFUHDVH
WKH FKDQFH RI ILQGLQJ SDWKRJHQLF IXQJL )LYH
VROGLHUV DQG  ZRUNHUV IURP HDFK FRORQ\ ZHUH
NLOOHG DQG VXUIDFHVWHULOL]HG E\ GLSSLQJ LQ D 
VRGLXP K\SRFKORULWH VROXWLRQ 5RVHQJDXV DQG
7UDQLHOOR  IRU  V DQG ULQVLQJ LQ VWHULOH
ZDWHU 0RVW WHUPLWHV GLHG GXULQJ WKLV SURFHGXUH
7KRVH WKDW GLGQ¶W ZHUH NLOOHG E\ VTXHH]LQJ WKH
SURWKRUD[ UHJLRQ ZLWK IRUFHSV 7HUPLWHV ZHUH WKHQ
SODFHG LQWR D 3'$ VODQW DQG WKH VODQW ZDV
LQFXEDWHG IRU XS WR  GD\V DW DPELHQW WHPSHUDWXUH
± & 3'$ VODQWV ZHUH FKRVHQ WR HQFRXUDJH
IXQJDO UDWKHU WKDQ EDFWHULDO JURZWK 9HU\ OLWWOH
EDFWHULDO JURZWK ZDV REVHUYHG DQG QRQH WKDW
RULJLQDWHG IURP WHUPLWHV 6ODQWV ZHUH H[DPLQHG
GDLO\ WR GHWHUPLQH WKH SUHVHQFH ORFDWLRQ DQG VL]H
RI IXQJDO FRORQLHV ZLWK UHVSHFW WR WKH WHUPLWH 7R
DYRLG LQFOXGLQJ FRQWDPLQDQWV LQ DQDO\VHV IXQJDO
FRORQLHV ZHUH RQO\ FRXQWHG LI RULJLQDO JURZWK
FOHDUO\ VWDUWHG IRUPLQJ RQ VODQWV IURP WKH WHUPLWH
UDWKHU WKDQ DW DQRWKHU ORFDWLRQ RQO\  FXOWXUHV
ZHUH H[FOXGHG IRU WKLV UHDVRQ 7KH DUHD RI HDFK
IXQJDOFRORQ\ZDVHVWLPDWHGGDLO\
)RXU SDUDPHWHUV ZHUH DQDO\]HG  'D\ WKH IXQJXV
ILUVW DSSHDUHG WKH WLPH LQ GD\V XQWLO WKH ILUVW
DSSHDUDQFH RI IXQJL RQ FXOWXUHG ZRUNHUV DQG
VROGLHUV RI D FRORQ\  3URSRUWLRQ ZLWK IXQJXV
WKH SURSRUWLRQ RI ZRUNHUV DQG VROGLHUV IURP HDFK
FRORQ\ WKDW KDG IXQJXV JURZLQJ RQ WKHP RQ WKH
GD\ RI ILUVW DSSHDUDQFH  'D\ DOO VKRZHG IXQJXV
WKH WLPH LQ GD\V ZKHQ DOO ZRUNHUV DQG DOO
VROGLHUV RI D FRORQ\ KDG IXQJDO JURZWK DQG  5DWH
RI IXQJDO JURZWK IRU HDFK WHUPLWH WKH DUHD RI
IXQJDO FRYHUDJH ZDV PHDVXUHG RQ WKH ILUVW DQG
VHFRQG GD\ DIWHU IXQJXV ZDV YLVLEOH DQG FKDQJH LQ
DUHD EHWZHHQ WKHVH GD\V ZDV FDOFXODWHG *URZWK
ZDV QRW PHDVXUHG ODWHU EHFDXVH IXQJXV KDG
UHDFKHG WKH VLGHV RI WKH DJDU VODQWV PDNLQJ
PHDVXUHPHQW XQUHOLDEOH $OO SDUDPHWHUV ZHUH
FRPSDUHG XVLQJ SDLUHG WHVWV SDLULQJ ZRUNHUV DQG
VROGLHUV IURP D FRORQ\ RQ SURSRUWLRQV SDUDPHWHU
 RU ZLWKLQFRORQ\ DYHUDJHV SDUDPHWHUV   DQG
 $ SDLUHG WWHVW ZDV XVHG LI GDWD ZHUH QRUPDOO\
GLVWULEXWHG DQG D :LOFR[RQ VLJQHG UDQNV WHVW LI
WKH\ZHUHQRW
Comparison of fungal growth in the
presence of combinations of workers and
soldiers
7HUPLWHV ZHUH FROOHFWHG IURP WUDLOV RI  FRORQLHV
DV DERYH DQG OHIW ZLWK WKHLU WUDLO PDWHULDO LQ FOHDQ
SODVWLF FXSV IRU ± KUV EHIRUH XVH 7HUPLWHV
ZHUH VRUWHG DQG VXUIDFH VWHULOL]HG DV DERYH 7KH\
ZHUH SODFHG LQWR VWHULOH  PO PLFURIXJH WXEHV LQ
RQH RI WKH IROORZLQJ  FRPELQDWLRQV : :
:6 :6 :6 :6 6 6 (DFK FRORQ\
ZDV XVHG RQFH IRU HDFK FRPELQDWLRQ )LIW\ ƫOR I
VWHULOH  7ZHHQ  ZDV DGGHG WR WKH WXEHV
7HUPLWHV ZHUH PDVKHG XVLQJ VWHULOH PLFURIXJH
SHVWOHV WKH WXEHV ZHUH DOORZHG WR VWDQG IRU ±
PLQXWHV IRU D SHOOHW WR IRUP $IWHU SHOOHW
IRUPDWLRQ D VWHULOH  ƫO LQRFXODWLQJ ORRS ZDV XVHG
WR WUDQVIHU D WRWDO RI  ƫO RI WKH VXSHUQDWDQW
DSSUR[  RI WKH WRWDO VXSHUQDWDQW WR 3'$
VODQWV 7KLV SURWRFRO ZDV FKRVHQ WR PLQLPL]H
GLOXWLRQ RI WHUSHQRLGV SODFHG RQWR VODQWV DV PXFK
DV SRVVLEOH 6ODQWV ZHUH FKHFNHG HYHU\  KUV IRU
IXQJDOJURZWK
(DFK FRPELQDWLRQ RI ZRUNHUVVROGLHUV GLIIHUHG LQ
WRWDO PDVV EXW WKH WRWDO OLTXLG LQ WXEHV ZDV KHOG
FRQVWDQW 7KXV WKH VXSHUQDWDQW LQ WKH GLIIHUHQW
FRPELQDWLRQV FRQWDLQHG GLIIHUHQW FRQFHQWUDWLRQ RI
ZRUNHUVROGLHU GHULYHG QXWULHQWV FRQLGLD DQG
VROGLHU VHFUHWLRQV +\SRWKHVLV  SUHGLFWV WKDW
IXQJDO JURZWK LQFUHDVHV ZLWK LQFUHDVLQJ WHUPLWH
ELRPDVV LH LQFUHDVLQJ FRQFHQWUDWLRQ RI WHUPLWH
GHULYHG QXWULHQWV DQG FRQLGLD 7KXV EDVHG RQ D
 PDVV UDWLR ZRUNHUV WR VROGLHUV WHUPLWH
FRPELQDWLRQV ZHUH H[SHFWHG WR KDYH WKH IROORZLQJ
relative UDWHV RI ILUVW DSSHDUDQFH IURP VORZHVW WR
IDVWHVW 6  PDVV XQLW :  :6  6 
:6  Z  :6  :6  ,I
K\SRWKHVLV  LV VXSSRUWHG LH VROGLHU VHFUHWLRQV
LQKLELW IXQJDO JURZWK WZR IDFWRUV VKRXOG DIIHFW
IXQJDO JURZWK ILUVW JURZWK VKRXOG EH LQKLELWHG
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9RO_$UWLFOH Table 1)XQJDODSSHDUDQFHDQGJURZWKUDWHDPRQJZRUNHUVDQGVROGLHUVRI Nasutitermes
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:LOFR[RQ6LJQUDQNWHVW
Á3DLUHGWWHVW
E\ WKH SUHVHQFH RI VROGLHUV 7KLV LQKLELWLRQ FRXOG
EH DOORUQRQH RU FRXOG LQFUHDVH ZLWK LQFUHDVLQJ
VROGLHU DQWLIXQJDO FRQFHQWUDWLRQ 6HFRQG
JURZWK VKRXOG LQFUHDVH ZLWK DQ LQFUHDVH LQ ZRUNHU
QXPEHU LQ WKH DEVHQFH RI VROGLHUV EHFDXVH
ZRUNHUV GR QRW SURGXFH WHUSHQRLGV 7KXV
ZRUNHUV VHUYH DV D FRQWURO WR GHWHUPLQH JURZWK LQ
WKH DEVHQFH RI VROGLHU VHFUHWLRQV ,I K\SRWKHVLV 
LV VXSSRUWHG WKH UHODWLYH UDWH RI DSSHDUDQFH RI
IXQJL IURP VORZHVW WR IDVWHVW LV H[SHFWHG WR EH 6
6 :6 :6 :6 :6 : : DVVXPLQJ
WKDW DQWLIXQJDO DFWLYLW\ LQFUHDVHV ZLWK
FRQFHQWUDWLRQ 7KH K\SRWKHVHV ZHUH WHVWHG
YLVXDOO\ E\ JUDSKLQJ WKH PHDQ ILUVW DSSHDUDQFH RI
IXQJDO JURZWK IRU HDFK RI WKH  FRPELQDWLRQV
DFFRUGLQJ WR WKH H[SHFWHG JURZWK UDWH 7KH
K\SRWKHVHV ZHUH WHVWHG VWDWLVWLFDOO\ E\ FRQGXFWLQJ
SDLUZLVH FRPSDULVRQV XVLQJ SDLUHG WWHVWV
EHWZHHQ VSHFLILF FRPELQDWLRQV IRU ZKLFK
SUHGLFWLRQV RI WKH WZR K\SRWKHVHV ZHUH H[SOLFLW
3DLUZLVH FRPELQDWLRQV WHVWHG ZHUH : YV :
ERWK K\SRWKHVHV SUHGLFW IDVWHU JURZWK LQ : 6
YV 6 : YV :6 : YV :6 : YV :6
DQG : YV :6 )RU WKH ODWWHU  FRPSDULVRQV
+\SRWKHVLV  SUHGLFWV IDVWHU JURZWK LQ WKH VHFRQG
FRPELQDWLRQ RI HDFK SDLU +\SRWKHVLV  SUHGLFWV
WKH RSSRVLWH LQ WKH FDVH RI 6 YV 6 QR GLIIHUHQFH
LV SUHGLFWHG 7KHVH SDLUZLVH FRPSDULVRQV ZHUH
DOVR XVHG WR GHWHUPLQH ZKHWKHU WKHUH LV D
WKUHVKROG HIIHFW IRU IXQJLVWDWLF DFWLYLW\ 7KH
%RQIHUURQL PHWKRG ZDV XVHG WR FRUUHFW IRU WKH
QXPEHU RI FRPSDULVRQV PDGH IRU HDFK
FRPELQDWLRQ=DU
Results
Experiment 1: Comparison of fungal
growth in the presence of 1 soldier vs. 1
worker
)XQJXV DSSHDUHG VLJQLILFDQWO\ HDUOLHU RQ ZRUNHUV
WKDQ RQ VROGLHUV :LOFR[RQ 6LJQ 5DQN 7HVW =  
 3   7DEOH  DQG D JUHDWHU SURSRUWLRQ
RI ZRUNHUV VKRZHG IXQJDO JURZWK RQ WKH ILUVW GD\
IXQJXV DSSHDUHG =    3   7DEOH 
)XQJXV JUHZ IURP DOO H[FHSW  ZRUNHUV DQG 
VROGLHUV ZLWKLQ  GD\V +RZHYHU H[FOXGLQJ WKRVH
 WHUPLWHV LW WRRN VLJQLILFDQWO\ ORQJHU IRU IXQJDO
JURZWK WR DSSHDU RQ VROGLHUV WKDQ RQ ZRUNHUV =  
 3   7DEOH  2QFH IXQJXV EHJDQ WR
JURZ WKHUH ZDV QR GLIIHUHQFH LQ WKH UDWH RI JURZWK
3DLUHGW 3! 7DEOH
Experiment 2: Comparison of fungal
growth in the presence of combinations of
workers and soldiers
)LJXUH D VKRZV WKDW WKHUH LV QR REYLRXV
UHODWLRQVKLS EHWZHHQ ELRPDVVH[SRVXUH DQG
DSSHDUDQFH RI IXQJDO JURZWK WKHUHIRUH K\SRWKHVLV
 IXQJDO JURZWK LQFUHDVHV ZLWK WHUPLWH ELRPDVV
ZDV QRW VXSSRUWHG +RZHYHU )LJXUH E VKRZV DQ
DSSDUHQW QHJDWLYH UHODWLRQVKLS EHWZHHQ WKH
SUHVHQFH RI VROGLHUV DQG DSSHDUDQFH RI IXQJDO
JURZWK VXSSRUWLQJ K\SRWKHVLV  VROGLHUV LQKLELW
IXQJDOJURZWK
$OO SDLUZLVH FRPSDULVRQV ZHUH LQ WKH SUHGLFWHG
GLUHFWLRQ WKDW VXSSRUWV K\SRWKHVLV  7DEOH 
7KUHH RI WKHVH FRPSDULVRQV ZHUH VWDWLVWLFDOO\
Table 20HDQ6(GD\VXQWLODSSHDUDQFHRIIXQJDOJURZWKIRUSDLUZLVHFRPSDULVRQVIRUYDULRXVVROGLHUZRUNHU
FRPELQDWLRQV
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   DQG : YV :6 3   $GGLQJ RQH
VROGLHU WR HLWKHU : RU : GLG QRW VLJQLILFDQWO\
LQKLELW IXQJDO JURZWK EXW DGGLQJ 6 WR HLWKHU :





-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH QDWXUDOO\RFFXUULQJ IXQJL 2Q DYHUDJH IXQJDO
FRORQLHV ZHUH ILUVW GHWHFWHG LQ FXOWXUHV ZLWK
VROGLHUV D GD\ ODWHU WKDQ LQ FXOWXUHV ZLWK ZRUNHUV
RQO\ $OWKRXJK WKH VSHFLILF FRPSRQHQWV WKDW
LQKLELW JURZWK ZHUH QRW WHVWHG LW VHHPV OLNHO\ WKDW
LQKLELWLRQ LV FDXVHG E\ IURQWDO JODQG VHFUHWLRQV
0RRUH   H[DPLQHG WKH FKHPLFDO
FRPSRVLWLRQ RI WKH IURQWDO JODQG VHFUHWLRQV RI VL[
Nasutitermes VSHFLHV 7KH VHFUHWLRQV FRQVLVWHG
SULPDULO\ RI ƠSLQHQH ơSLQHQH DQG OLPRQHQH
5RVHQJDXV HW DO  IRXQG WKDW ERWK ƠSLQHQH
DQG OLPRQHQH FDXVHG LQKLELWLRQ RI FRQLGLD
JHUPLQDWLRQ RI DQ HQWRPRSDWKRJHQLF IXQJXV M.
anisopliea EXW ƠSLQHQH ZDV PRVW HIIHFWLYH ,Q
WKH FXUUHQW VWXG\ RQFH JURZWK DSSHDUHG WKHUH
ZDV QR GLIIHUHQFH LQ JURZWK UDWH RI IXQJL EHWZHHQ
ZRUNHUV DQG VROGLHUV 7KLV PD\ EH GXH WR WKH
YRODWLOLW\ RI SLQHQH DQG OLPRQHQH 0RRUH  ,I
VSRUHV DUH LQKLELWHG IURP JHUPLQDWLRQ UDWKHU WKDQ
DFWXDOO\ NLOOHG LQKLELWLRQ PD\ GLVDSSHDU RQFH WKH
WHUSHQRLGVHYDSRUDWH
%HFDXVH HQWLUH WHUPLWHV ZHUH XVHG LQ WKLV VWXG\ LW
LV SRVVLEOH WKDW IDFWRUV RWKHU WKDQ WHUSHQRLGV ZHUH
SDUWO\ UHVSRQVLEOH IRU DQWLIXQJDO DFWLYLW\ )RU
H[DPSOH OHDIFXWWHU DQWV FXOWXUH EDFWHULD WKDW
VXSSUHVV JURZWK RI D SDWKRJHQLF IXQJXV WKDW
DWWDFNV WKHLU IXQJDO JDUGHQV &XUULH HW DO 
+RZHYHU VXSSUHVVLRQ RI IXQJDO JURZWK E\
EDFWHULD VHHPV OLNHO\ WR EH RI PLQRU LPSRUWDQFH LQ
WKH FXUUHQW VWXG\ )LUVW OHDIFXWWHU DQWV KDYH
YLVLEOH SDWFKHV RI FXOWXUHG EDFWHULD RQ WKHLU
FXWLFOHV &XUULH HW DO  QR VXFK EDFWHULDO
FXOWXUHV KDYH EHHQ REVHUYHG RQ QDVXWH WHUPLWHV
6HFRQG DOPRVW DOO PLFURELDO JURZWK REVHUYHG LQ
WKLV VWXG\ ZDV IXQJDO 5 +XPEHU 86'$ $56()
SHUVRQDO FRPPXQLFDWLRQ  VDPSOHV )LQDOO\
WKHUH ZDV QR GLUHFW HYLGHQFH VXFK DV LQKLELWLRQ
]RQHV RU RYHUJURZWK E\ EDFWHULD WKDW EDFWHULD
VXSSUHVVHG IXQJL ,W LV DOVR SRVVLEOH WKDW VROGLHU
VHFUHWLRQV RWKHU WKDQ IURQWDO JODQG WHUSHQRLGV
VXSSUHVVHG IXQJDO JURZWK +RZHYHU RQO\
FRPSRQHQWV RI IURQWDO JODQGV DUH NQRZQ WR KDYH
DQWLIXQJDO DFWLYLW\ 5RVHQJDXV HW DO  ,Q
DGGLWLRQ RWKHU IXQFWLRQV RI WKH RWKHU PDMRU
JODQGV DUH ZHOO GRFXPHQWHG IRRG SURFHVVLQJ
PDQGLEXODU JODQG DQG WUDLOOD\LQJ VWHUQDO
JODQG1RLURWD 1RLURW
(YLGHQFH ZDV IRXQG RI D WKUHVKROG QXPEHU RI
VROGLHUV QHHGHG IRU LQKLELWLRQ LQ H[SHULPHQW 
$OWKRXJK IXQJDO JURZWK ZDV LQKLELWHG E\ IOXLGV
IURP D VLQJOH VROGLHU LQ WKH DEVHQFH RI ZRUNHUV
JURZWK ZDV QRW LQKLELWHG LI ZRUNHU IOXLGV ZHUH
FRPELQHG ZLWK WKRVH RI D VLQJOH VROGLHU +RZHYHU
LQKLELWLRQ GLG RFFXU LQ WKH SUHVHQFH RI ZRUNHUV LI
WKHLU IOXLGV ZHUH FRPELQHG ZLWK WKRVH RI 
VROGLHUV 2QO\   ƫO RI WKH WHUPLWH IOXLGV ZHUH
WUDQVIHUUHG WR 3'$ PHGLXP 7KXV WKH HTXLYDOHQW
RI D VLQJOH WHUPLWH VROGLHU PD\ EH HQRXJK WR
LQKLELW VRPH IXQJDO JURZWK ,W LV XQFOHDU KRZ
WKHVH WKUHVKROG OHYHOV UHODWH WR WKRVH IRXQG E\
5RVHQJDXV HW DO  7KH DXWKRUV XVHG
UHODWLYH SURSRUWLRQV RI ƠSLQHQH DQG OLPRQHQH
FRQVLVWHQW ZLWK WKRVH IRXQG LQ IURQWDO JODQGV
KRZHYHU FRQLGLD ZHUH H[SRVHG WR D PXFK KLJKHU
WHUSHQRLG DPRXQW LQ WRWDO WKDQ ZRXOG EH IRXQG LQ
WKH IURQWDO JODQG RI D JURXS RI VROGLHUV (YHQ VR
WKH ORZHVW FRQFHQWUDWLRQV XVHG E\ 5RVHQJDXV HW
DO  GLG QRW VLJQLILFDQWO\ LQKLELW
JHUPLQDWLRQ ZKHUHDV RQH VROGLHU DORQH LQ WKH
DEVHQFH RI D ZRUNHU GLG DIIHFW JURZWK LQ WKH
SUHVHQW VWXG\ 7KLV VXJJHVWV WKDW IURQWDO JODQG
VHFUHWLRQV PD\ KDYH JUHDWHU ELRORJLFDO DFWLYLW\
WKDQ WKHLU FKHPLFDO FRPSRQHQWV DORQH RU WKDW N.
acajutlae KDV KLJKO\ SRWHQW IURQWDO JODQG
VHFUHWLRQV
,W ZDV DOVR IRXQG WKDW VROGLHUV LQKLELWHG JURZWK RI
D ZLGH YDULHW\ RI IXQJL 7KHVH KDYH EHHQ LGHQWLILHG
DV EHORQJLQJ WR WKH JHQHUD Aspergillus,
Cladosporium, Geotrichum, Paecilomyces,
Penicillium, DQG WHQWDWLYHO\ Botryotrichum DQG
Pyrenochaeta 5 +XPEHU SHUV FRPP 2I
WKHVH Aspergillus DQG Paecilomyces PD\ EH
HQWRPRSKDJRXV KRZHYHU PRVW RI WKH LGHQWLILHG
IXQJL DUH QRW SDWKRJHQLF )XUWKHU WHVWLQJ LV
UHTXLUHG WR GHWHUPLQH WKHLU H[DFW UHODWLRQVKLS
ZLWK N. acajutlae +RZHYHU LW LV LQWHUHVWLQJ WR DVN
ZK\ VROGLHUV LQKLELW D ZLGH YDULHW\ RI IXQJL WKLV
ZRUN EXW ZRUNHUV GR QRW DFFUXH QHW VXUYLYDO
EHQHILWV LQ WKH SUHVHQFH RI HQWRPRSDWKRJHQLF
IXQJL 5RVHQJDXV HW DO  ,W PD\ EH WKDW WKH
SULPDU\ EHQHILW RI IXQJLVWDWLF DFWLYLW\ LV
VXSSUHVVLRQ RI FRPSHWLWLYH IXQJDO JURZWK DW IRRG
VRXUFHV UDWKHU WKDQ LQKLELWLRQ RI SDWKRJHQV LQ WKH
QHVW 5HODWLRQVKLSV EHWZHHQ WHUPLWHV DQG
VDSURSK\WLF IXQJL PD\ WDNH VHYHUDO IRUPV
7HUPLWHV LQ WKH 7HUPRSVLGDH DQG
5KLQRWHUPLWLGDH SUHIHU ZRRG WKDW KDV EHHQ
³FRQGLWLRQHG´ E\ D YDULHW\ RI VDSURSK\WLF IXQJL
DQG FDQ EH DWWUDFWHG WR VXFK ZRRG %DWUD DQG
%DWUD  1RLURW DQG 1RLURW7LPRWKHH 
+RZHYHU RWKHU WHUPLWHV DUH UHSHOOHG E\
VDSURSK\WLF IXQJL DQG VRPH RI WKHVH IXQJL DUH
WR[LF WR WKHP %DWUD DQG %DWUD  %HFNHU DQG
/HQ]  1RLURW DQG 1RLURW7LPRWKHH 
6DQGV  3HUKDSV Nasutitermes VROGLHUV
VXSSUHVV IXQJDO JURZWK WR DYRLG VXFK WR[LQV
0RUHRYHU VRPH [\ORSKDJRXV WHUPLWHV LQFOXGLQJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VRPH QDVXWHV SUHIHU LQWDFW GHDG ZRRG WKDW KDVQ¶W
EHHQ FRQGLWLRQHG E\ IXQJL %HFNHU DQG /HQ]
 )RU WKHVH WHUPLWHV IXQJL PD\ VLPSO\
UHSUHVHQW FRPSHWLWRUV IRU OLPLWHG ZRRG UHVRXUFHV
DQGVHFUHWLRQVPD\VHUYHWRUHGXFHFRPSHWLWLRQ
7KH UROH RI QDVXWH VROGLHUV LV SURYLQJ WR EH YHU\
ZLGHUHDFKLQJ 7KHLU XVH RI FKHPLFDO GHIHQVHV WR
FRPEDW VPDOO SUHGDWRUV HJ DQWV KDV ORQJ EHHQ
NQRZQ 1RLURW E 0RUH UHFHQW HYLGHQFH
VXJJHVWV WKDW VROGLHUV DOVR GHWHU ODUJHU SUHGDWRUV
HJ OL]DUGV EHFDXVH WKH\ DUH GLVWDVWHIXO )XOOHU HW
DO  &HSKDOLF VHFUHWLRQV PD\ DOVR LQKLELW
SDWKRJHQV 5RVHQJDXV HW DO  DQG PLFURELDO
FRPSHWLWRUV IRU ZRRG 7KH JHQXV Nasutitermes LV
WKH PRVW VSHFLRXV RI DOO WHUPLWHV .DPEKDPSDWL
DQG (JJOHWRQ  3HUKDSV WKH YHUVDWLOLW\ RI
VROGLHU GHIHQVH FRPSRXQGV FRQWULEXWHV WR WKLV
VXFFHVV
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